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© Device for measuring optical frequency modulation characteristics. 

(g) A frequency-modulated light signal is introduced into an 
input 12 of a Mach-Zehnder interferometer 1 . The light signais at 
the outputs 17 and 18 are converted into electrical signais and 
subtracted, giving an output signai in which the effect of the 
frequency-modulation is not overwhelmed by the effect of 
amplitude-modulation of the input signal. 
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Description 

Device for Measuring Optical Frequency Modulation Characteristics 

This invention is applicable to measurement of optical communication equipments. M« P^^» 
invention is applicable to measurement of modulation characteristics of optical signals wh.ch have been 
« modulated in frequency. This invention device is most suitable to measure modulat.on characteristics of 
" oXJsSiSs for coherent light communications which have been emitted from a laser diode and modulated 

in Requency modulation system has been known as an effective method for coherent optical communica- 
tions Simp^ transmitters can be structured by using frequency-modulated signals obtained b^^O"* 

10 or modulation directly to the laser diode. Frequency-modulated signals obtained by directly modulating laser 
died" howler, contain an amplitude modulation component as well as a ^^^^a^Zlo 
The measurement of frequency modulation component requires a measurement method which is less prone to 
the influence of amplitude modulation component. 
The frequency modulation response of laser diode is influenced mainly by the frequency changes caused ^ by 

,5 thermal effect in low modulation frequency region, and mainly by the effect of carrier in high modulat.on 
frequency region The direction of frequency changes of these two effects, however, are opposrte to each 
other and the frequency modulation response to injection current to laser diode is not uniform^ In order to 
mea!u?e frequency modulation response of laser diode, there is required a circuit wh.ch can faithfully convert 
chanaes in frequency of optical signals into changes in voltage. 

20 FabrT-Perot etalon has conventionally been utilized for measurements of this type. A Fabry-Perot etalon ,s a 
devfce comprising two parallel plates between which an object light is entered at an .nc.den angle. An 
Serence P pa\tern is formed when the light is repeatedly reflected between the two P^e> P"" . If he 
distance d between the two plates and the angle 9 are fixed, the interference pattern is determmable by he 
frequency-of the incident light. Etalons which measure changes in frequency (or wave length) of l.ght by the 

25 '"raTir.Sr^^ shows the relation between the input light frequency and the output 

%^S^SSS^fS^. The optical frequency is plotted on the horizontal axis while the optic* power 
Sine ou put light is plotted on the vertical axis. In other words, the graph shows changes m intensity of the 
HgffwXisX^ 

characteristic curie is selected in the graph and an incident light which has ^en modu, te J^J^jncy 
with its center placed at the frequency fa of the point a is given to an etalon, the optical signals in terms or 
Ganges rnopticaTpowt are obiainedarshown by the'curve b in FIG. 5. The frequency ^^^^ 
5n be mLasSred by converting to voltage signals with a photo-detector the optical s.gnals wh.ch have already 

Towe^T*^ -thod is prob.ematic in the ™* £ 

staTp changes in frequency are limited, it cannot measure a wider frequency range; (2) as ,t us ,es multapte 
reflection propagation time difference between reflected waves and travel.ng waves prevents to . ^ure 
frequency moSufation response in a high frequency range; and (3) distort.cn occurs when the frequency 
dSon of input light is large. Particularly, as to the first problem, there has been known a technique of 
v^^lSS. ftiu-KS range by moling one of the reflective mirrors of J-Jftajor Ranging the 
incident angle of the light, but the method needs an extremely precise and c ° m P ,,cated f m ^ h n ' s ^ nder 
Another method which conceivably causes interference patterns .s the use of Mach-Zehnder 
=nte^erometers Although Mach-Zehnder interferometer has excellent response charactenst.c even m he 
IS^^'rw** shows gentle changes in optical power over the wider range of frequency of the 
Kt'5K?^Sgn* which have passed through Mach-Zehnder interferometer 
ov the amplitude changes of the input light, and therefore it has been regarded heretofore not qurte -suable as 
an indentation device for separately measuring the frequency modulation component and the amplitude 

"SS^ 'conceived in order to solve such problems encountered in the , pno, ^ and aims to 
provide an instrumentation device which can measure frequency modulat.on component over a wide 
'-equency range and which is extremely simple in mechanism. nntical outDut 

This invention device is characterized in that two photo-detectors are P'^^fteft^p^^put 
ports of a Mach-Zehnder interferometer, and an electric circu.t means is prov.ded to output s.gnals showing 
the difference of output signals between the two photo-detectors. Hiffc>r pn Ce of the two optical 

This invention device is further characterized in that a means which ^"trols the diffe enc ' ^^JJX 
path lengths of the interferometer is provided, and the means .s controlled w,th input a »gn al 3 fr° m a ° 0 ™ e ^ 
depending on the difference in said output electric signals. More preferably, it »^^^^ 8 ££ 
from the controller in a manner to make the time average of the difference zero. The difference in optical patn 
lenc'hs can be controlled by controlling the temperature of the paths. 
60 Referring now to the schematic view in FIG. 2. the Mach-Zehnder interferometer here.n comprises ^ input 
Ports ! 12. aTrst coup.er 15 which reunites with interference the optica, signa.s from *»^^ 
respectively guide the input lights from these input ports, two waveguides 3 14 which gu.de *• °P*»J 
signa's respectively after they have been passed through the coupler and interfered w.th each other, a second 
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coupler 16 which ^•^th interference the optical signals from saK^vaveguides. and two output ports 
17. 18 which output the two optical signals which have been passed theTecond coupler and interfered S 

lit! L a « Pr ? a9 w *r time difference « bein 9 given in the optical path lengths of the two waveguides 

between the first and the second couplers. 

H,^H era ! ly ' h When 3n °P tica '| i 9 nal ^ inputted at one 12 of the two input ports 11, 12, the optical signal is 
a nw », T!f 9U L deS I 3 ' 14 fr ° m the first coup,er 15 ' P^Pagate respectively with different propagation 
time, and when interfered w.th each other at the second coupler 16, so-called optical signals having the optical 

SSt poS vfig changes dependin9 00 the frequency of the input ,i9ht si9nal « «S?tffS 

At the two optical output ports of the Mach-Zehnder interferometer are obtained optical power signals with 
am.- phases by the changes in frequency of input light. Moreover, the effect of amplitude changes of input light 
appears with the same phase between the two optical output ports of the interferometer. Therefore bv 
[ i° £ 9 the K s ' 9na,S a PP earin S at the two optical output ports, the effect of the amplitude modulation of 
See as much ° anCe " ed ' and the chan 9 es in °P tical P ower as a 9 ai ««t the frequency changes becomes 

«. T 1'.i method com P ri ses the steps of receiving the optical outputs from the two output ports and obtaining 
the difference therebetween to cancel the amplitude change components to a certain extent. This will be 
explained by the equations below. 

The signals at the input port 12 are expressed as below 
S (t) = A cosfcot + cp(t)} (1) 

wherein A denotes the electric field of the light, co the angular frequency thereof and <p(t) the frequencv 
modulation signals. M ' 

The signals of the two waveguides 13, 14 of the interferometer are represented as follows- 

51 (t) = A cosfcot + q>(t)} //2 (2) 

5 2 (t) = A cos(co(t -t) + (p(t - x) -f 5i/2)}/V2 (3) 

The signals S 3 , S 4 at the two output ports 17, 18 are expressed as below 

5 3 (t) = -A x costOT/2 + {<p(t) - <p(t - t)}/2] x sin [cot - cox/2 + jcp(t) + «>(t - 1)|/2] (4) 

5 4 (t) = -A x sin[o)T/2 + (<p(t) - <p(t - x)\ 12] x sin [cot - cot/2 + {<p(t) + <p(t - t)}/2 ] (S) 
As they are electric fields, they should be square-law-detected and then average to obtain the followina 

equations. y 
Ss 2 (t) = A 2 x cos 2 [cox/2 + {<p(t) - <p(t - x)} /2]/2 (6) 
Se 2 (t) = A2 x sin2 [ox/2 + {cp(t) -cp(t-x)} /2] 12 (7) 

If the path length difference x is suitably adjusted to obtain the relation below. 

IT 

cox ^~J~ + 2njc, 
the equations below will hold. 
Ss 2 (t) = A2 [1 - sin {<p(t) -<p(t-T)H /4 (8) 
Se 2 (t) = A 2 [1 + sin (<p(t) - <p(t - x)}] /4 (9) 

In other words, if signals are received only at one of the two output ports, the device inevitably measures 
optical power modulation component included in A*. It will completely be removed by division but in practice 
as the dividers cannot be made responsive to such a high speed, removal by division cannot be used for the 
measurement of high speed modulation characteristics. The difference between both outputs can be 
expressed as below. K 
Se 2 (t) - Ss 2 (t) = A 2 sin {<p(t) - <p(t - x)} /2 (10) 

Then, the optical power modulation components included in the first terms of the euqations (8) and (9) are 45 
removed. Although the components included in the second term remains even after the above processing it is 
small enough to be negligible in usual measurements. 
The frequency modulation signal (p(t) can be expressed by the equation below. 
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wherein 0 denotes modulation index, co m modulation angular frequency, and 0 an arbitrary phase 55 
If they are substituted in the equation (10), the following relation holds. 
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[Brief Description of Drawings] 
30 Pir 1 is a structural view to show an embodiment of this invention. 

S^ras=ticvie = 

nGlsiawexplanatory^ dev ice includes a Mach-Zehnder 

FIG. 1 is a structural view of an embodiment of ha has been frequency-modulated, and 
interferometer to which the light to be measured ,s ■nputted after rt h ^ ^ Macn _ Ze h nder 

photo-detectors 2 and 3 ^^°7» rt * e ^? r ^Hhe photo-detectors provided is two wh.ch are 
interferometer 1 into electric signals « ^erfeVometer. The arrangement is a feature of th.s 

respective^ mounted at the two ^optical I output ports ^ '"JJJ^ between the output signals of the two 
invention. As the electric circu.t means M i outputs the detectors 2 and 3 in serial to and he 

photo-detectors 2 and 3, the device , s . so ;*^^ t ^TS o«hod. of the photo-detector 3, and the 
voltage of anode of the photo^etector 2 ^cl trt e_ vo.iag ^ 4 

Z^rT^ ^^S^^^ a confer 8 which gives controiling mput ,n 
ISSSilS the difference between ^^^ttrttth^on.^^ 
The Mach-Zehnder interferometer 1 comp ses pt ^^^S 16 directional couplers, and 17 and 18 two 

Ic^u^ 

13 and 14 differ from each other the relation between 

and 18 interfere with each other. The interference changes Jj^etreq Y frequency at the port 12 

amplitude and frequency as shown in FIG. 3 graph i s ob ™ ° ne h , n F1G . 3 . the solid line shows the 

Sara^K^^ 

which has been modulated in frequency "^^^^^^^s^h^conBspo^o^Jo^ 
given as an input at the port 12, the optical ^™ a ** e ™P£ e changes in optical power of the two lights are 
Changes in frequency of the input "^-^^^ Vr J?lt2d?the signalsdetected at the two ports 
directed in opposite directions to each other a ithe PO™V \ become Mce that shown in FIG. 3(4). 
17 and 18 are subtracted from each other, then the amplitude win o« 
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If it is assumed that ^Hut light is the frequency modulation signal c^^Hed by directly modulating a laser 
diode, it includes not or^rrrequency modulation component but also ar^mude modulation component. The 
effect of the amplitude changes included in the input light after the outputs at the ports 17 and 18 as it is as 
shown in FIG. 3(2). In FIG. 3(2) and (3), the solid line represents the small amplitude modulation component 
and the dot-and-dash line expresses the large amplitude modulation component. When the amplitude 5 
modulation component has the same phase as that of the amplitude component at the port 17 which has been 
converted from frequency component, the optical amplitude at the port 17 becomes larger as shown in 
FIG. 3(3) while that at the port 18 becomes smaller. However, the effect of the two amplitude changes is 
cancelled by subtracting one of the signals detected at the two ports 17 and 18 from the other as shown in 
FIG. 3(4). 10 

This embodiment is so structured that optical paths will change effectively in accordance with the 
temperature controlled by the heater 6 to thereby vary said time x. In other words, the signal representing the 
difference between the two photo-detectors 2 and 3 will be given at the input of the controller 8. The 
controller 8 comprises a comparator which compares the input signal with zero voltage and a low-pass filter 
which passes the output from the comparator so that the signals representing said difference becomes zero 15 
voltage in average when it is given in the input. 

Therefore, even if the central frequency fa of the object signals shown in FIG. 3 fluctuates, the point a will 
follow the movement to come to be positioned at the intersection of the solid line with the broken line. ~ 

FIG. 4 shows an example of measurement result obtained by means of this embodiment device. The graph 
shows the result of the measurement of the levels of detected outputs or signals which represents said 20 
difference. The light has been modulated in frequency by direct modulation method of a laser diode, and the 
frequency plotted on the horizontal axis represents the modulated frequency. As a comparison, the result of 
measurement of one output light at an output port of the same Mach-Zehnder interferometer is shown in the 
graph as against the measured lights at two output ports. The values represented with filled circles are the 
calculated frequency modulation responses which are expected to appear. In the graph of FIG. 4, the one 25 
represented with a-dot-and-dash line has the frequency modulation component and amplitude modulation 
component in opposite phases to each other. Therefore, the measured amplitude is small. On the other hand, 
the one expressed with broken line has the two components in the same phase. The result indicates that when 
only one of the outputs from the Mach-Zehnder interferometer is measured, due to the effect of the amplitude 
modulation component included in the object signal, the frequency modulation component is not properly 30 
measured. But when the difference beween the output lights from the two output ports is measured, the 
frequency modulation component alone can be separated and measured. 

Although the above description relates to a Mach-Zehnder interferometer formed on a substrate, this 
invention is not limited to the arrangement. This invention may be realized by using other types of 
Mach-Zehnder interferometer which form an optical path in a space to have the similar effect. The effective 35 
length of an optical path may be controlled by various means other than the heating method used in the above 
description so far as it can control the length to embody this invention. 



Claims 40 

1. A measurement device for optical frequency modulation characteristics comprising a Mach-Zehnder 
interferometer which receives as input light to be measured which has been frequency modulated and 
photo-detectors which convert the optical power of the output light from said Mach-Zehnder 
interferometer into electric signals, which is characterized in that the number of said photo-detectors is 45 
two, each of which is provided at each of the two optical output ports of said Mach-Zehnder 
interferometer, and the device is further provided with electric circuit means which outputs signals 
representing the difference between electric signals from said two photo-detectors. 

2. The measurement device for optical frequency modulation characteristics as claimed in Claim 1 
wherein the device is further provided with a means to control the difference between the two optical path 50 
lengths of the Mach-Zehnder interferometer and a controller which controls said means with control input 

so as to make the average of the difference of said output electric signals to zero. 

3. A method of measuring a beam of frequency-modulated light, which comprises dividing the beam by 
means of a partially-silvered mirror, coupler, or the like, passing the divided beams along paths of different 
optical lengths, recombining the beams at a second partially-silvered mirror, coupler, or the like to form 55 
two combined beams, and measuring the difference between the signals in the two combined beams. 
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© A frequency-modulated light signal is introduced 
into an input 12 of a Mach-Zehnder interferometer 1. 
The light signals at the outputs 17 and 18 are 
converted into electrical signals and subtracted, giv- 
ing an output signal in which the effect of the 
frequency-modulation is not overwhelmed by the 
effect of amplitude-modulation of the input signal. 



input 




FIG. 1 



Q. 
Ill 



Xerox Copy Centre 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



Application Number 



EP 89 30 3703 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI.5) 



ELECTRONICS LETTERS, vol. 19, no. 3. February 1983, 
pages 102-103, London, GB; A.D. KERSEY et al.: 
"Demodulation scheme fibre interferometric sensors em- 
ploying laser frequency switching" 

* Abstract; page 102, left-hand column, line 18 - page 103, 
left-hand column, line 7; figure 1 " 

PATENT ABSTRACTS OF JAPAN, vol. 11, no. 164 
(P-580)[261 1 1 27th May 1987; 

& JP-A-61 296 223 (NIPPON TELEGRAPH AND TELE- 
PHONE) 27-12-1986 

* Abstract " 

FIRST INTERNATIONAL CONFERENCE ON OPTICAL FI- 
BER SENSORS, Institution of Electrical Engineers, London, 
26th - 28th April 1983, pages 48-52; A. DANDRIDGE et al.: 
"Fiber optic interferometric sensor developments at NRL" 

* Page 48, left-hand column, paragraph 3; page 48, right- 
hand column, final paragraph; figure 1 * 

ELECTRONICS LETTERS, vol. 22, no. 8, 10th April 1986, 
pages 413-414, Stevenage, Herts, GB; B.L KASPER et at.: 
"Balanced dual-detector receiver for optical heterodyne 
communication at Gbit/s rates" 

* Page 414, left-hand column, lines 7-19,30-38; figure 1 " 

THIN SOLID FILMS, vol. 126. 1985, pages 167-176; R.C. 
BOOTH: "LiNb03 integrated optic devices for coherent op- 
tical fibre systems" 

* Page 167, paragraph 1; figure 1 * 



The present search report has been drawn up for ail claims 



1.3 



G 01 J 
9/02 

H 04 B 9/00 
G 02 F 2/02 



1-3 



1,2 



1,3 



TECHNICAL FIELDS 
SEARCHED (Int. C1.5) 



G 01 J 

G 02 F 
H 04 B 



1,3 



Place of search 



The Hague 



Date of completion of search 



28 January 91 



THOMAS R.M. 



CATEGORY OF CITED DOCUMENTS 
X : particularly relevant if taken alone 
Y : particularly relevant if combined with another 

document of the same catagory 
A : technological background 
O: non-written disclosure 
P: intermediate document 
T : theory or principle underlying the invention 



E: earlier patent document, but published on. or after 

the filing date 
D: document cited in the application 
L : document cited for other reasons 

&: member of the same patent family, corresponding 
document 



